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Mmsurmnmt,s of the pro]) erties of gravitational lenses l]avc the
])owcr t o  tdl us w h a t  s o r t  o f  llnivcrsc wc live i n .  ‘J’he brigl]t-
est known radio Einstein rillg/gr:lvitj:itio  llal lms 1’1<S 1830- 2111,
whi ls t  obscIlrcd  by c)ur Galaxy at o])tica] wavclcngtlls, has reccnt]y
provided  a lcnsing galaxy rcxlshift,  of ().89 through the (ietcction of
molmular absoq)tion  i n  t h e  miilimc!trc waveban(i~. Wc re])ort the
cic!tedion of a ncw absorpt ion fcaturo, most likely ciuc to neutral
hydrogen in a second rdshift system at z=-:O.19. Follow-up VI,l 11
observations have spatially rcsoivcxi tllc absorption an[i  reveal it to
be conccmtratcxi  towarci  the N]{; co]n]mct,  c o m p o n e n t ,  but m o s t l y
covcwing  tile lower  surface! brightness ring. ‘J’his new  information,
togctl]cr with exis t ing cwi(icmcc of tllc: u n u s u a l  VIJIII raclic)  struc-
ture an(i  ciifficultics in mocieling  the lmsing s y s t e m ,  p o i n t s  io tllc
cxistencc of a second lcmsing  galaxy along our line-of-sigl~t an{i  im-
plies that l)l<S 1830--211 may be a com])ouncl gravitational lc!ns.

‘1’llC  strong, WI O Jy, flat-s] )cctrum ra[iio sourm  1’1{S 1830- 211 was fouIld
ill 1991 to bc an ltinstcin  riIlg/glavitatioI):il  leIIs’ and remains the briglltmt
suclI object  foun[i i]) t}lc radio sky l~y allnost 2 orders of  magni tude .  While
tlIc i]ltcr])rctatioll  of the source as a g)I:i\’it:~t)iollal lcms bcyoII[i  L]](: Galaxy3
is sccurc, it lies in a crowded al]d l]cavi]y obscured fidd close to tlIc Ga]actic
ccntrc  an(i so far all dforts  to i(icn]tify  o])t,ica]  couutcrparts  citller  for tl]c
]cnsing  galaxy or the lcnsd souIcc have l)ccII llIlsLlccC:ssfl114’5.  III ])articular,
tile failure of o])tical  Incasurc]r]cnts  to fun]isll any rcxlshifts has driven the
search for these critical ])atalnctcrs  iuto the ra(iio spectrum.

‘1’hc syInlnctric  Inoq)hology of tlllc source, coIn])rising two co]nl)act,  flat-
slmctrum  com])ollents of si]nilar brightness located on o])]mitc si(ics of a 1
arcscconci  ring, immwiiatcly  suggests a close aliF;l]lncwt  of tllc lcIwxi SOUICC
bcl]i]lci tllc ICnsi]lg lnass. h40rcmcr, tllcrc is cvidc]lcc of u]lusua]ly  lligll  r[E
tation measures in solnc ])arts of t}lc source which argues that the 10lsillg
galaxy is ])robably  a gas-rich s])ira16 , and suggests tllc l)ossibi]ity  of dctcctillg
lnolccular absorl)tio]].

Accorcii]lgly  wc u]l(icrtook  a survey o]] 10 aild 11 JUIIC 1995  for rdslliftmi
11] allcl  011 absor])tioll  wit]] tllc l’arkcs (34 In radio tclcsco])c,  a s  ]);ir~ o f  a

coo]mative  obsctvatioll  ]wogramlne, with ttlc l’rojmt l’llocmix  fI;mUp7.  ‘1’l)e

1 ‘rojcct I ‘llomlix rcccivcr  and signal  ])roccssillg cquiI)lncllt  wcm usc(i to cow]
a frcqumcy  r a n g e  o f  995 to 1675 Mllz, ]Iicdy cc)l]l])lcll~cllti~lp,  a ])rcvious
absorption scard OVCY tllc frc,quc.l~cy  ra]~gc. 4(K- 1000” N41 17, at [;rcclll.)a]]k,
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w’l)icll yicldd  a  ~lc:,ativc  rcsult8.  our olmrvatio]ls  Cxcludd  tllc two illtcr-
~,:l]s I:)3&I(j35 h4]]z aIl(] ]]65-]]75  h4]]z bccausc o f  cxccssivc intcrfcrcllcc.

Alttlough i]ltclf(:lc:llccofl)c)tll  tcrrcstria]  a]]d sat,cllitcorigill  lvas ])rofuscovcl
IIlost of tllc rclllai]lin~  balld, it was t;cllcrally  of very Ilamnv ballciwidttl  a]ld
easily Uccoglliy,ablc, and did ]Iot greatly iln])cdc the scarcll.

We dctcctd  OIIIY a si]]glc absorl)tioll fcat,urc with t w o  sL1l.)-cc)III])c)~IcIIts
o f  silnilar  a~nplitudc,  ccntrd at 1191.1 M1lT, wit]] an ovcral]  litlc w’idtll  o f
a])])mxil]latcly  5(I kin/s (P’igurc la). ‘]’]Ic absor]Jtioll  fcatutx! was dctmtcd
with colnl)arat)lc strcngtll  oll two consecutive days. on tllc second day, ol)-
scrvat,iolls  of 1’]{S ] 830- 2] ] WCIC  t)la~k~t~(]  ~vit~l t]loM:  of ]’1(S ]92] - 293, a
IIcarl)y source of silililar flux dcllsity. IVo cvi(lcl]cc of t,llc at)sor])t,ioll fcat,urc
was SCCI1 in this corn] misoll source.

V],])] obscrvatiol]s wmc  Inadc oII 18 SC])tclnl)cl  1995 with four tclmco])cs
of tl~c A u s t r a l i a n  l,cmg IIasclillc  Array (l,11A)9’]O;  IIobart,  h40])ra, l~arkcs
a]]d five antc]]]ltis  of tllc Australia ‘Jklcscopc  Co]n]md  Array (N1’CA)  actillg
as a ])ll~d array, ,S2 Iccordms]  1 wcIe used, o])crating ill dual ])olalization

(lEI) a]ld IK;]’) with 4 h411z bal]dwidth  ccntd on 1191 .() h411z. Cordatd
visibilitics tmt,wecn  all 6 alltcmnas of t)]e ArJ’CA were also rccordcd to ])roducc
an il]l])rovcd tot,al-l)owcr  s])cctrum (figyrc 1 b) .

1 ‘KS 1830- 211 was obsmvcd  ovcI an  8 hour ])criod illtcrlcavcd wit]] a
bandpass  calibrator. ‘1’hc V],]]] data wcm cormlatcd  at the KJ’Nl~’ VI,]]]
corrclatorl~  No cordatd ftux was dctcctcd  011 tllc loI]g (> 4 MA) badillcs
to 1 lotmrt  owing to interstellar scatt,cring at tl)is low frcqucncy13.

Our VI,]]] image in figure 2 is si~nilar  to an earlier 2.3 Gllz  V1,l]l ilnagc*
al]d sl]ows the two coml)act com]m]lcnts of 1’1<,S 1830- 211, but little of the
low brigllt]lcss ring w]lich is heavily rcsolvccl  at this resolution. h’igurc 2 also
shows the absorl)tioll s])cctruln of cacll com]mllc]lt, clcar]y  dclnonstrating
tl]at  t,l]c two sub-features of the almrl)tion  systcm obscure diflcmlt  ])arts of
tl]c source. ‘1’hc low velocity colnl)ollcl]t  is com])lctcly  resolved and tllcrcforc
InusL bc obscuring only the cxtcl]dcd  ring while tllc lligll  vc]ocity  component
is resolved only ~)artially  and covers the NN coln])ollc]lt  but is weak or absc]lt
ill tllc SW coln]mncnt. ‘])]lcsc Ot)scrtyltiolls  also allow us to illfcr Lllat Lllc
angular  size of the absorbil]g features lnust bc greater tllal) a fcw tcntlls  of
all arcsccolld.

A ]nolccular at~sorl)tioll systcnl at a rcdsllift of 0.88582 IIas already Lccn
found  in this sourcc2, and is argud to arise ill arl intcrvcni]lg  galaxy ratllcr
than in tllc lcnscd object. Wc bclicvc  that our dctlcctioll  constitutes a scmnd
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absor]Jt, ion systmn  ill l)l{,S 1830- 21 1 a]l(i is ]Jrol.ml)ly 111 alxorl)tioll  ill an
i~ltcrvcnillg  galaxy at a r’ds]lift, of ().19’26 :1 ().0001. ]11 su])lJort of t]lis wc
]]ot(! that tllcrc arc! Iio catalogum]  lillm llcar 2246 hJllz, tllc rest frcquc]lcy
of our observed atmrl)tio]l  if it lJclo IIgs to tl)c z= ().89 systmn. Further,  wc
olmmd  the brig,ht Galactic  sources Sgr 112, ori KIJ a]ld IIW 10216 with
LIIC 26 ]1] LCICSCO])C at IIobart  to scarcll for a ])ossiblc ulllistd transition  at
Lllis frequency, and ddlcctcd l)othing above all nns noise  lmd of NO.] YO of
LIIC  coIltiIluuln.  Moreover, our detection a])]mrs Lo lic in front of t,hc Nl;
colll]mnc!]]t  whilst the z=- 0.89 absol  ])tiol]  is al)])arf!]ltly co]lfillc!d  to tl]c SW
Compo]lcntz.  our absor])tion fcat,urc also displays vc]ocity  structure not smn
ill tllc z: 0.89 a}.xsor])tioll  ])rofilcs.

‘1’11(! intcr])rctat,ioll  of t,llc feature ill figur(! 1 as 01 I is ulllik(!ly  for two
rcasolls.  lrirstly, tllc: s])cctra sl]ow llOILc o f  Llle ‘satdlitc’  ])rofilcs ty])ical o f
011 absorption and scco]lclly,  wc scc IIO cvidcllcc!  of absor])tioll  at 1016 MIIz
corms] )ondil]g to 111 at t}lc same dsllift,  which wc would cx])ect to bc clearly
visible. Ncitllcr call this bc a~] llydrogc]l  lc(:[J1l~l.)il]:~tic)ll  lil)c as wc would }Iavc
dctcctcd  many suc]l  lines across tllc l)a]ld al]d did ]Iot.

Wiklind and Co]nbcs  (])liv. coll]ln.) rc]mrt  ]10 cvidcncc  o f  mo]ccular
absc)rl)t,ioll  in 1’1<,S 1830- 21 1 at z= 0.1 (1 ill their S1’Xrl’ obscrvatio]ls. IIowewcr
Lllis is not totally  uIIcxl)cctcd  as Lllc total  solid a]]glc subtcIIdcd by tllc source
at Llicsc  hig]l  frcqucncics  i s  s]nall (~1 lna.s2) alld l]c]lcc the ])rohability  o f
il]tcrsccting  a dense molecular cloud along tll(! lillc of sight is prcsumab]y
quite moclcst,

‘1’hc absorption feature seen in figure 1 is very similar in both widtjll  a]ld
co]umn  density to that found in t]l(! ][!ns systcln 021 El-i 35714, w}lich  is coll-
vinciug]y  arguccl  to arise from 111 absorq)tion  ill Lllc lcllsillg  galaxy, probably a
sl)iral galaxy seen ncar]y edge-ol]. Wc favour  a silllilar irltcr])rctatioll  for tllc
absorption in I’KS 1830- 211, with tl}c  lillc of sight illtcrcc])ting several cold
clouds ill a gas-rich spiral at x= 0,19. ‘1’]IC two features sccll in tllc absor])tion
])rofilc may well corrcsl)ond to two sl)iral arms sccII Ilcarly su])crlmscd, both
of w]licll  ])artial]y obscure t,]lc lillg  and 011(! of w]lich obscutcs t}lc N1’; coln-
])act com])oncllt.  Sue]] a ])ictllrc is clltircly collsistcllt with the properties of
1 ] I clouds and .ga]axy  dynall”lics  obcrvcd  wit]lill  our’ OWII Galaxy.

]Ildcj)cllclcnt  cvidcl}cc for a colisidcrablc amouIIL of material alo]lg tllc lil]c

of sight is suggested by t,llc u~lusua]ly lligll Iotatioll  It]casurc scml ill the Nh;
col Ilpomlt6’1~. ]“urthcrmorc,  Lhc  ohs(!rw!d downturn  in total  f]ux dcllsity o f
1’1<s 1830-211 below 1 (;117,16 ilnl)lics sigllificallt, free-free absorbing matcria]
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obscuri]]g  tllc ]Ioll-collll)act structure, which has a steel) S])ectru]n and callllot
1)(! Self-absorb(!d.

Wlli]c the Ill al.mnq)tiou  toward 1’1{S 1830- 211 i]ldicatcs tllc ]Jresc!ncc  of
a g;alaxy-scale nlass at z 0.19, this does l]ot i]lfdlibl<y iln]~ly  a priori that
p,ravitat,ional  l(!Ilsillg is taking  l)lacc at this rcdsllif  L, at)y Inorc tllau it dots
for the z= 0.89 systmn. ‘1’hat lmising of so]nc ki]ld is takillg  l)lacc is beyond
dispute givcll, for exarn])lc, the snort tilnc dday  scm ill the flux dmlsity
variations of tllc two coln])act  co]ll~)ollcntsl~: a Inost  il[ll)rolmblc  cffcd  ill
ally IIon-lmsd illtcrl)rctatio]l. It sw!]ns allnost  cmtaill thcrcforc,  t h a t  a t
l(!ast O]lC of the two mlshift systmns at z= 0.19 a]ld z= ().89 is ])artakillg in
tllc!  lcnsiug and tllerc is furtllcr  cvidmcc  that I)otll syst(!lns may bc involvd.

Firstly, the lens cviucm a quite ])aradoxica]  a])]marallcc at lligll rcsolu-
18’19 show tllc SW colnj)c)Il(!ut  totion. V],]]] images lnadc over a 3 y(!ar ]mriod .

Lc ullrcsolvcd  at ~milliarcsccolld  rmolutioll  wllilc tllc N]’; Com])ollmlt Snows
a WCI1 resolved lillcar structure. ‘1’llis  diflk:rcllce  ill lIIorI)llology  of  t}lc two
comlmncmts  is tc)o long-lived to bc duc to tl]e diffcrmce  in I)ro])agatiou  tirncs
to tllc two conlpol)cuts, csti]natd  to be 110 mom thall a few tells of daysG’17.
‘J’lIe rcsult,s l)rcscntcci  lIWC s u g g e s t  t h a t  tl)c scco]ld absor])tio]l  systc]n  at
z= 0.19 lnay be res])onsib]c  for this striking  dis])arit,y in t,llc two ilnagcs by
ca. using additic)llal  le~lsillg distortioll  of tllc N]’; ilnagc,  thus formil]g a coln-
])ouIld gravitation] lens. &!colld]y,  atlmn]jt,s  Lo mocld  1’KS 1830- 2]] wit]] a
single,  simple gravitational potential have acllicwed  only modest success, and
have produced Inarkcdly dif~c!rcl)t lnodc]s. ‘J’lIc ]noclc]s  CICVCIO])M1  by N a i r

20 for cxaml)lc,  differ in a number  of matmiald aLG and by ]<ochanck  et al. ,
rcsqmcts,  Ilot least in the time dday bctw’cml  tllc two com])act Com])oll(!nts,
which  has  tllc op]msitc sigyl ill tl]c Nair d d. ]nodc] to that illfcrd froln
t h e  }{ochauck  et d. Inoc]d.

‘J’l~c  ]mscncc  of a second lcnsillg  galaxy ill this systm adds all extra layer
ofcorn])]cxity  to any lcnsillg  lnodcl. ‘J’llis galaxy is likdy to ixlflucnce  LIIC light
t ravel  ti]nc throug]l tllc NH coInl)oIIcIIt,  al]d so Inust  bc comiderd  before a
dcts!rxninatim~ of 110 from the time delay call be lnadc. It is iln])ortaut  t}l(!rc-
forc to estimate the Inass and ])ositioll  of the z= 0.19 galaxy. Wc arc ullablc
to obtaill  this illformatio~l froln our data. 1 Iowcvcr  ])olarizatioll ilnages of
1’1<S 1830-.211 at two or lliore fmqum~cics to lna]) Iotatiol]  lncasurc  would
IIcl]) to pin]) oint,  tllc ])osition  of tllc galaxy.
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Figure 2: our VI,]]] continuum IIla]) of 1’KS 1830-211 (left). ‘]’hc rcstorin~
him is 294 by 75.2 mas and the col]tours arc at - 5,5,10,20,40 and 80 $%
of t,l]c map ])cak wl)icll  is 1.27 Jy ])cr l)caln. Also SI)OWII IIcrc arc tl]c s])cctra
at tllc ]Jositions  of the two colltil)ll\llrficolll  ])ollcllts  (ri~;ht, ).


